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We examined the association of faces with biographical information that varied in emotional content in patients with Alzheimer’s
disease and a healthy control group. During two experimental sessions, participants rated neutral male faces on dimensions of
hedonic valence and emotional arousal, later paired with ﬁctitious biographical information. Both groups changed their ratings
of the faces according to the biographical content. Free recall and recognition were tested in the second session. Patients neither
recalledthebiographicalinformationnorrecognizedthefaces,whereasthecontrolsdid.Inaddition,psychophysiologicalmeasures
were taken in response to the face stimuli. Patients showed signiﬁcant heart rate modulation as a function of their emotion ratings,
whereas the controls did not. No correlation of rating changes with skin conductance was found in any group. Results suggest that
psychophysiological reactions such as heart rate changes may indicate preserved aﬀective associative learning in dementia patients
despite impaired explicit memory.
1.Introduction
The detailed assessment of cognitive deﬁcits and resources is
well established in the diagnosis of Alzheimer’s disease (AD).
In addition, the assessment of emotion processing in demen-
tiapatientsisbecomingincreasinglyimportant,asemotional
resources may be relevant for the quality of life of patients
and caregivers [1]. Existing studies investigating emotional
processing in dementia patients have either focused on the
interaction of explicit memory and emotion [2–6] or on the
recognition of facial expressions of emotions [7–11]. By con-
trast, little is known about implicit learning of aﬀective dis-
positions. Few studies investigated if aﬀective responses to a
stimulus, including appetitive versus aversive response tend-
encies, can be manipulated in dementia patients. Such infor-
mation is useful in the context of therapeutic eﬀorts com-
plementing traditional medication-based interventions by
means of behavioral strategies.
A classical approach to assess implicit aﬀective learning
processes is classical diﬀerential fear conditioning. Hamann,
Monarch, and Goldstein [12] employed this paradigm in
patients with AD. They examined fear conditioning in a
group of 10 patients with AD and 14 controls by measuring
skin conductance and electrodermal activity. A green rect-
angle was used as the conditioned stimulus (CS+) and was
paired with a loud noise (US) using a partial reinforcement
schedule. Results revealed that AD patients showed a similar
electrodermal response as the control group to the CS+
and a CS− (red rectangle) that was never paired with the
US. In contrast, skin conductance responses of AD patients
did not diﬀerentiate between CS+ and CS− while this dif-
ferentiation was present in the control group. In response to
theUS,however,ADpatientsshowedthesameelectrodermal
response as the control group. The results of this study
suggest that fear conditioning and, more generally, implicit
emotional learning processes might be partially impaired in2 International Journal of Alzheimer’s Disease
AD patients. This ﬁnding was recently replicated by Hoefer
and colleagues [13].
Complementing ﬁndings on fear conditioning, Blessing
et al. [14] demonstrated in an emotional learning paradigm
thatdementiapatients’aﬀectiveevaluationofastimulusmay
be altered by novel information and that these changes can
still be detected after 22 hours. In this study, neutral male
faces were paired with ﬁctitious biographical content that
characterized the depicted persons in terms of either positive
ornegativetraits.Faceswereratedbeforeandattwodiﬀerent
time points after the presentation of ﬁctitious biographical
content with respect to valence and arousal. Recognition of
faces and free recall of ﬁctitious biographical content were
tested. Patients changed their ratings of pictures according to
the biographical information presented, but did not recog-
nize faces above chance level, or recall biographical informa-
tion. These ﬁndings were replicated in a subsequent study
[15]. Taken together, results suggest that learning of aﬀective
responses can be achieved in dementia patients when pairing
faces with emotional content.
The results of studies using paradigms in which faces
are associated with aﬀective content seem to contradict the
results of fear conditioning studies in terms of implicit learn-
ing processes. This is particularly surprising given that the
processes investigated in the two approaches rely on partly
overlapping neural structures. The neural basis of fear con-
ditioning has been extensively studied in animals and
humans. Frontal and temporal regions, including the amyg-
dala, insula, and ventromedial prefrontal cortex, are involved
in successful fear conditioning, diencephalic, and brain stem
structures further mediate psychophysiological and behav-
ioral responses [16, 17] .T h ea m y g d a l ai sac o r es t r u c t u r ei n
fear conditioning [17–19].
The neural basis in paradigms associating visual stimuli
( s u c ha sf a c e s )w i t ha ﬀective content has been studied less
extensively. However, studies indicate that similar structures
are relevant as in fear conditioning [20, 21]. For instance,
Todorov and colleagues showed [20] that emotional infor-
mation based on memories from short descriptions of
persons is spontaneously retrieved upon face perception in
healthy participants. However, the medial temporal lobe
memory system does not seem to be critical for learning of
aﬀective trait associations with faces. In fact, a patient with
a hippocampal lesion showed similar learning eﬀects as
controls in contrast to two patients with amygdala lesions
[21]. Hence, the amygdala seems to be a critical structure in
both learning aﬀective trait associations with faces as well as
in fear conditioning.
An explanation for the conﬂicting ﬁndings of impaired
fear conditioning in AD patients and intact emotional learn-
ing performance in face emotion association tasks could be
the dissociation between parameters measured with the two
methodological approaches [22]. Whereas face emotion as-
sociation tasks often measure the emotional experience by
self-report scales, fear conditioning studies have typically
used psychophysiological responses. An exception is the
study of Burton and Kaszniak [22], where they presented AD
patients and a control group with pleasant, aversive, and
neutral pictures. Participants rated the pictures on the
dimensions of valence and arousal, and corrugator and zy-
gomatic EMG muscle activity was recorded. They found that
AD patients and the control group indicated similar emotion
ratings for the stimuli. However, facial muscle activity pat-
terns in response to these emotional stimuli diﬀered between
groups: AD patients demonstrated an inverted pattern of
zygomatic activity compared to controls. The results of
this study suggest that there might be dissociation between
emotional experience and psychophysiological responses in
AD patients.
Inyoungadults,psychophysiologicalmeasureshavebeen
demonstrated to correspond with self-report of emotional
experience assessed with rating scales (i.e., the self-assess-
ment manikin (SAM) rating scale; [23]). However, if there
is a dissociation between emotional experience and psy-
chophysiological responses in AD patients, psychophysiolog-
ical measures should not correspond with rating changes in
self-report scales in a face emotion association paradigm.
Alternatively, it is possible that interoceptive cues (such as
autonomicresponsestothevisualstimuli)underliethemod-
ulation of evaluative report in AD patients despite lack of
conscious recollection. Thus, the question arises to what
extent AD patients’ psychophysiological reactions are corre-
sponding to changes in their aﬀective ratings and, hence, to
the reactions measured in healthy subjects.
Based on results of previous studies investigating psy-
chophysiological responses to aﬀective stimuli [24], we
predict an increase in heart rate and electrodermal reaction
in response to the face stimuli when paired with aﬀective
content. This psychophysiological response should, however,
onlybepresentinparticipantswithintactemotionalprocess-
ing capacity. Such an intact emotional processing capacity
might be indicated through the ability to learn associations
of pictures and aﬀective content. Hence, in the face emotion
association paradigm, stronger psychophysiological reac-
tions can be predicted in participants who change their af-
fective ratings in a way consistent with the emotional content
presented than in participants who are unable to learn
these associations. If AD patients change their evaluative
dispositions through pairing faces with information and also
show altered psychophysiological responses, then this would
indicate that important aspects of aﬀective processing are
intact in AD.
The aim of our study was to assess the relationship be-
tween rating changes in the face emotion association para-
digm and physiological measures such as phasic heart rate
response and skin conductance in patients with AD and
healthy controls. In the face emotion association paradigm,
neutral male faces were paired with ﬁctitious biographical
content that characterized the depicted persons in terms of
positive,negative,orrelativelyneutraltraits.Faceswererated
before and at two diﬀerent time points after the presentation
of ﬁctitious biographical content with respect to valence and
arousal. Recognition of faces and free recall of ﬁctitious
biographical content were tested. Heart rate and skin con-
ductance in response to picture presentation were then mea-
sured. AD patients were predicted to change their aﬀective
ratings of faces after the presentation of the ﬁctitious bio-
graphical content despite impaired recognition of faces andInternational Journal of Alzheimer’s Disease 3
impaired recall of biographical content. It was hypothesized
that the ratings of the control group were also inﬂuenced by
the biographical information, but that they would recognize
the pictures and recall some of the biographical information.
We predicted correlations of psychophysiological measures
and changes in aﬀe c t i v er a t i n g si nb o t hg r o u p s .
2.DesignandMethods
2.1. Participants. The study included 16 patients, 14 diag-
nosed as AD, and 2 diagnosed as mixed dementia (mean
age 76.1 years (SD = 5.8); mean education 10.3 years (SD =
3.1); mean minimental state ([25]; for a review see [26]) 21.8
points (SD = 4.0); 7 females and 9 males).
Patients were recruited in a regional facility at the time
of testing. All patients were diagnosed by a multidisciplinary
team of the hospital ward using ICD 10 criteria [27]. The
diagnosis was based on general medical, neurological, and
neuropsychological examinations. All patients had received
medical testing including computerized tomography or
magnetic resonance imaging and speciﬁc screening blood
tests, in order to exclude syphilis, diabetes, thyroid disorders,
and vitamin B12 and folic acid deﬁciency.
Twelve healthy elderly participants were recruited as
controls (mean age 75.2 years (SD = 5.3); mean education
12.5 years (SD = 3.1); 7 females and 5 males). Mean age
and mean education of patients and controls did not diﬀer
(t (26) =− 0.417; P>. 68, resp., t (26) = 1.851; P>. 08).
Controls were noninstitutionalized and managed their own
household. They reported that they had no known CNS
diseases, contact with toxic substances or substance abuse.
All participants gave written informed consent. The study
protocol was approved by the local ethics review board.
3.Material
3.1. Pictures. Test stimuli were three pictures of neutral male
faces selected from the face database ([28]; TMW male 33-
2 neutral, TMW male 34-2 neutral, TMW male 34 neutral).
Three other pictures of neutral male faces served as control
stimuli for the recognition task (TMW male 29 neutral,
TMW male 32 neutral, TMW male 34-3 neutral). All stimuli
were printed in US letter format on white paper. While
psychophysiological measures were recorded, pictures were
presented on a 17  computer screen using Presentations
Software (Version 9.70).
3.2. Emotional Ratings. The self-assessment manikin (SAM)
is an aﬀective rating system to assess participants’ ratings of
various stimuli [29]. Its dimensions of valence (ranging from
pleasant to aversive) and arousal (ranging from low to high
intensity) have shown reliable relationships with other meas-
ures of emotional responses such as physiological and be-
havioral parameters [23]. The SAM rating scale has been
successfully used in previous studies with dementia patients
[14, 15, 30]. Using the paper-pencil version of this instru-
ment, participants rated the stimuli by hedonic valence and
emotional arousal.
3.3. Peripheral Measures of Autonomic System Arousal. The
electrocardiogram (ECG) was recorded from the left and
r i g h tf o r e a r m su s i n gaB i o P a cs y s t e m ;R - w a v e sw e r ed e t e c t e d
and Interbeat intervals were recorded to the nearest mil-
lisecond using AcqKnowledge Software, which is part of
the BioPac system. The same system was used to record
the skin conductance response: skin conductance electrodes
were placed adjacently on the hypothenar eminence of the
left palm, ﬁlled with 0.05m NaCl Unibase paste. A Biopac
MP100 acquisition unit equipped with a GSR 100B ampliﬁer
(0.5V constant voltage, sensitivity 600pS (Biopac)) sampled
electrodermal activity at 200Hz continuously throughout
the experiment. The occurrence of experimental events (e.g.,
stimulus presentation) was simultaneously recorded on a
separate analog channel to permit analysis of stimulus-
related heart rate (HR) changes and skin conductance re-
sponses (SCRs). The amplitude of the SCR was calculated
in half-second bins and SCR change time series was drawn
with respect to a 1-second prestimulus baseline (see [31], for
a similar procedure). Skin conduction level and amplitude
change provide indices of general activation in the sympa-
thetic chain. Heart rate is dually innervated: decelerating
withparasympatheticactionandacceleratingwithactivation
of the sympathetic system.
3.4. Procedure. In the ﬁrst session, each participant viewed
the three experimental face stimuli and was asked to rate
them in terms of pleasure (hedonic valence) and emotional
arousal using the SAM rating scale [29]. Subsequently,
ﬁctitious biographical information about the men in the
pictures was presented. While participants heard the bio-
graphical information the appropriate picture was placed
beforethemagain.Toavoideﬀectsoffacepreference,weused
two diﬀerent combinations of faces and biographies (one
combination was used 7 times in the control group and 10
times in the AD group, the other combination was used 5
times and 6 times, resp.). Each combination was presented
in two orders when pictures were rated and biographical
content was presented (one order was used 7 times in the
control group and 9 times in the AD group, the other order
was used 5 and 7 times, resp.). The aversive ﬁctitious infor-
mation characterized the depicted person in terms of socially
unacceptable behavior, whereas the pleasant ﬁctitious infor-
mationcontainedonlysociallyacceptablebehavior.Theneu-
tral ﬁctitious information contained no descriptions that
were socially unacceptable or remarkably positive. Biograph-
ical narratives were tested in previous studies and have been
shown to elicit measurable aﬀective dispositions [14, 15].
After a retention interval of 190 minutes, participants
completed a forced choice recognition test at the start of the
second session. They were presented with three pairs of faces
each containing a previously shown target face and a novel
distractor face. For each pair, participants were asked to
indicate which face was more familiar to them. Furthermore,
theywereaskedwhethertheyhadseenthepicturebeforeand
were tested on recall of the ﬁctitious biographical informa-
tion. Subsequently, the faces that were presented during the
ﬁrst session were rated again on the dimensions of valence
and arousal. After that, participants were prepared with4 International Journal of Alzheimer’s Disease
sensors to record psychophysiological measures. Subjects
were then seated about 50cm from the computer monitor
and instructed to look at the pictures that would appear on
the monitor. To achieve satisfactory data quality and reduce
artifacts, participants were asked to refrain from moving or
talking. The three experimental pictures and a distractor face
from the recognition test were presented on the computer
screen in a sound-attenuated dimly lit room. Pictures were
presented 20 times for four seconds each in a ﬁxed random
order. Interpicture interval varied randomly between 5.5 and
6.5 seconds.
3.5. Data Reduction and Artifact Control. R-waves were
detected in the digitized ECG, and interbeat intervals were
converted to beats per minute. Participants’ mean HR
responses and peaks of SCR were calculated for each of the
four pictures. Epochs of 6000ms (1000ms before onset to
5000ms after onset) were segmented and averaged. Only the
ﬁrst 4000ms of heart rate change during stimulus presen-
tation were used for statistical analysis (below), and they
showedaslowheartrateaccelerationacrossparticipants, fol-
lowed by a return to baseline after about 6000ms. Heart
rate during the 1000ms prestimulus baseline was subtracted
from the heart rate response waveform after averaging for
stimulus type and subject, to result in relative HR changes
over time relative to baseline. A mean value was then calcu-
lated for the ﬁrst 4000ms for each condition and participant,
and a log transformation was performed to normalize the
distribution of the data for statistical analysis.
4.DataAnalysis
Free Recall. Toscoretheparticipants’reportofthebiograph-
ical information, recalled text as reported by the participants
was transcribed. Using these transcripts, each correctly re-
called element was assigned a point after the experimental
session. Recalling information like “he stole a car” resulted
in assignment of one point. Unspeciﬁc information like “he
did something bad” was not scored.
Pleasure and Arousal Ratings. Repeated measures Analyses
of variance (ANOVAs) were conducted for the dimensional
ratings of pleasure and arousal. For each of these two depen-
dent variables, two within-participant factors were used: (i)
two diﬀerent biographical contents (pleasant versus aversive
characterization) and (ii) two measurement time points
(immediate versus 190 minutes delay). Group was included
as the between participant factor. Ratings of neutral pictures
were not included in the analysis, because no rating changes
after the presentation of ﬁctitious biographical content were
predicted. The neutral condition was included to compare
correlations of aﬀective ratings with psychophysiological
measures in response to pictures paired with aﬀective and
neutral content. To assess correlations between the change in
aﬀective ratings and change in psychophysiological reactivity
(below), rating data were transformed into change meas-
ures: For the valence and arousal ratings, the diﬀerence be-
tween pleasant-associated and aversive-associated faces was
calculated for the second measurement time point. This dif-
ference was used as an index of association learning on affec-
tive ratings.
Psychophysiological Data. ECG and skin conductance data
were analyzed separately using ANOVA as described above.
In addition, correlation analyses were conducted in multiple
steps. For both mean heart rate responses and the peaks of
SCR,responseswerecombinedacrossthefourstimuliwithin
each participant to form a composite score representing a
measure of psychophysiological reactivity. Spearmans Rho
was then used to assess correlations between rating changes
and ECG/skin conductance. These analyses were conducted
separately for each group. In case of a signiﬁcant correlation
of a diﬀerence score and a composite measure for psycho-
physiological reactivity, analysis was then broken down to
compare correlations as a function of emotional content
(pleasant, neutral, unpleasant, neutral). Rank-based mea-
sures and conservative P values were used in this last, explor-
ative, step of data analysis.
5. Results
5.1. Recognition and Free Recall. In the forced choice recog-
nition test for the three faces, participants of the control
group performed near the optimum (mean correct choices =
2.92 (SD = .29), P<. 001) whereas the performance of AD
patients did not diﬀer from chance level (M = 1.63 (SD =
.81), P>. 544).
In the free recall test, the healthy control group recalled
8.5 story elements (SD = 4.54) (min = 3, max = 16) after
the delay, whereas none of the patients recalled any of the
ﬁctitious biographical information.
5.2. Ratings of Hedonic Valence. Mean valence ratings are
presented in Table 1. As expected, the repeated measures
ANOVA indicated a signiﬁcant interaction between time and
ﬁctitious biographical content (F (2,25) = 17.5; P<. 001),
reﬂecting enhanced pleasure ratings for pleasant content and
reduced pleasure ratings for aversive content over time. The
interaction between group, time, and biographical content
was not signiﬁcant (F (2,25) = 1.749; P>. 195). However,
a signiﬁcant interaction between biographical content and
group was observed (F (2,25) = 4.327; P<. 024) indicating
ad i ﬀerence between patients and controls with respect to
the impact of biographies on ratings. Posthoc ANOVA for
the patients yielded no main eﬀect of biographical content
(F (2,14) = 3.262; P<. 069), but a signiﬁcant interaction
between time and biographical content (F (2,14) = 4.988;
P<. 023) indicating that ratings of pictures associated with
negative as well as positive biographical content changed
in the expected direction after having been paired with the
biographical content. ANOVA on controls’ valence ratings
showed a main eﬀect of biographical content (F (2,10) =
11.210;P<. 003)alongwithaninteractionbetweentimeand
biographicalcontent(F (2,10) =11.535;P<. 003)suggesting
that controls changed their valence ratings in line with the
experimental manipulation.International Journal of Alzheimer’s Disease 5
Table 1: Mean valence ratings of AD patients and controls for pictures paired with pleasant, aversive, and neutral content at two
measurement time points.
Time
Biographical content Group Baseline mean (SD) 190min delay mean (SD)
Pleasant AD 5.25 (2.41) 6.62 (2.0)
Controls 5.50 (1.51) 6.75 (1.49)
Neutral AD 6.19 (2.43) 7.25 (2.05)
Controls 5.92 (1.68) 6.33 (0.99)
Aversive AD 5.56 (2.07) 5.12 (1.71)
Controls 4.92 (1.24) 2.58 (1.88)
Higher ratings denote higher pleasure. SD: standard deviation.
Table 2: Mean arousal ratings of AD patients and controls for pictures paired with pleasant, aversive, and neutral content at two
measurement time points.
Time
Biographical content Group Baseline mean (SD) 190min delay mean (SD)
Pleasant AD 2.94 (2.21) 2.87 (1.96)
Controls 3.33 (1.01) 2.42 (1.51)
Neutral AD 2.56 (1.97) 2.94 (1.44)
Controls 3.17 (1.99) 2.99 (1.24)
Aversive AD 2.87 (1.86) 4.87 (1.67)
Controls 4.42 (1.83) 5.33 (2.50)
Higher ratings denote higher arousal. SD: standard deviation.
5.3. Ratings of Emotional Arousal. The mean arousal ratings
are presented in Table 2. ANOVA indicated a signiﬁcant in-
teraction between time and biographical content (F (2,25) =
4.397;P<. 023),whichreﬂectedthatallparticipantschanged
their ratings to endorse higher arousal for the faces paired
with aversive, compared to pleasant and neutral biographies
(posthocP<0.05).Therewasnointeractionbetweengroup,
time, and biographical content (F (2,25) = 0.071; P>. 932)
suggesting that both groups were inﬂuenced in the same way
by the manipulation. No interaction between biographical
content and group was observed (F (2,25) = 1.239; P>. 307).
5.4. Heart Rate Response. Mean heart rate response of
patients and controls for pictures associated with pleasant,
neutral and aversive content and a novel stimulus are
displayed in Figure 1. No correlation between mean heart
rate response and diﬀerence score for arousal and valence
ratings was found in the control group. In the patient group,
the mean heart rate response composite score showed no
associationwiththediﬀerencescoreforvalenceratings,buta
signiﬁcantrankcorrelationoccurredwiththediﬀerencescore
for arousal ratings (r = .614, P<. 011). This correlation
showsthatchangesinarousalratingsduetotheexperimental
manipulation were related to heart rate reactivity in the
patient group. To analyze the contribution of diﬀerent stim-
uli types to this relationship, correlations between diﬀerence
scores for arousal ratings and heart rate responses to pictures
associated with pleasant, neutral, and aversive content and
the novel stimulus were calculated separately. For heart rate
responses to the picture associated with neutral content as
well as the novel stimulus, no relationship with diﬀerence
scoreforarousalratingswasfound.Thecorrelationsbetween
HR change and the change score for arousal ratings reached
trend levels for pleasant and aversive content (r = .475, P =
.063, resp., r = .486, P = .056). When heart rate responses to
pleasantandaversivestimuliwerecombined,therelationship
with the diﬀerence in score was highly signiﬁcant (r = .651,
P<. 006). This relationship is displayed in Figure 2 for both
groups.
5.5.SkinConductanceResponse. Inbothgroups,skinreactiv-
ity showed no signiﬁcant relationship with any change score
for ratings (r<. 39, P>. 22).
6. Discussion
In the present study, neutral pictures of faces were paired
with pleasant, aversive, and neutral biographical content and
were presented to AD patients and controls. Replicating
results of previous studies [14, 15], all participants changed
their judgements of faces associated with pleasant and aver-
sive content along the dimensions of valence and arousal
according to the information presented. For instance, pic-
tures paired with aversive content were rated higher in arous-
al and lower in valence than before presentation of the
ﬁctitious biographical content. Ratings of AD patients were
inﬂuenced by the aﬀective content that had been associated
withthepicturesalthoughtheydidnotrecognizethepictures
orrecallthebiographicalinformation.Thepatientsappeared
to base their judgement on implicit dispositions, whereas6 International Journal of Alzheimer’s Disease
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Figure 1: Mean heart rate response of patients and controls for pictures associated with pleasant, neutral, and aversive content and a novel
stimulus.
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Figure 2: Interaction plot showing diﬀerence scores of arousal
ratings in dependence of log function of mean heart rate response
tofacesassociatedwithpleasantandunpleasantcontentforpatients
and controls.
participants in the control group could also use explicit
memory to recall information about aﬀective connotations.
The main aim of the present study was to address the
question if psychophysiological measures correspond with
rating changes in self-report scales due to aﬀective trait face
associations in dementia patients. Psychophysiological mea-
sures have been demonstrated to correspond with self-report
ofemotionalexperienceassessedwithratingscalesinhealthy
young adults (i.e., the SAM rating scale; [23]). Thus, a
positive relationship between aﬀective report and psycho-
physiological reactivity in AD patients would indicate that
important aspects of aﬀective stimulus processing are pre-
served during emotional learning. In particular, such a ﬁnd-
ing would support the notion that the aﬀective learning seen
in AD reﬂects engagement of emotional response systems.
Based on results of previous studies investigating psycho-
physiologicalresponsestoaﬀectivestimuli[24],wepredicted
a small increase in heart rate in response to face stimuli,
which tend to be weaker elicitors of emotive engagement,
compared to conditioned stimuli or pictures with emotional
scenes.Healthyyoungadultspresentedwithpicturesofemo-
tional events, consistently show heart rate deceleration as the
rated unpleasantness of pictures increases and acceleration
as rated pleasure increases [32]. Furthermore, decelerated
heart rate responses in healthy participants during encoding
of unpleasant pictures are uniformly reported [32–34]. In
a study investigating electrodermal activity, ﬁndings revealed
that young participants displayed larger electrodermal reac-
tions when viewing unpleasant or pleasant pictures com-
pared to neutral pictures [35]. The methodological diﬃculty
when assessing psychophysiological reactions in response
to speciﬁc pictures is that stimuli have to be presented
repeatedly to get reliable results and that repetition prompts
habituation. Bradley, Lang, and Cuthbert [24]i n v e s t i g a t e d
habituation patterns of startle reﬂex, heart rate, electroder-
mal, and facial corrugator muscle activity in response to
repeated presentation of pleasant, unpleasant, and neutral
picture stimuli. Only startle reﬂex diﬀerentiated among af-
fective picture contents over trials, whereas for example the
initially present deceleration of heart rate for arousing stim-
uli disappeared over trials. After repeated trials, subjects
showed an acceleration of heart rate in response to all pic-
tures presented.International Journal of Alzheimer’s Disease 7
Consistent with these results healthy control participants
in our study consistently showed increases of heart rate in
response to all stimuli presented. The increase of heart rate
response was smaller in AD patients, suggesting a generally
impaired psychophysiological reaction toward face stimuli.
It was further hypothesized that the psychophysiological
response is related to the ability to learn associations of pic-
tures and aﬀective content. In fact, in our study rating
changes on the arousal scale correlated signiﬁcantly with
mean heart rate response, but only in the patient group and
not in controls. This correlation in the patient group shows
that changes in arousal ratings due to the experimental ma-
nipulationarerelatedtoheartratereactivity.Furtheranalysis
yielded that rating changes on the dimension of arousal
correspond mainly with heart rate responses to pictures that
have been associated with pleasant and aversive ﬁctitious
biographical content. Accordingly, patients who were inﬂu-
enced more by the experimental manipulation and changed
their ratings of face stimuli on the dimension of experienced
arousal showed a higher heart rate response to these stimuli.
The fact that we found no correlation of changes in
valence ratings and psychophysiological measures might be
explained with the higher sensitivity of the valence dimen-
sion to habituation eﬀects. Accordingly, Bradley, Lang, and
Cuthbert [24] could show in their study that speciﬁc aspects
of psychophysiological reactions do diﬀer between stimuli in
relation to their diﬀerent valence, however, this diﬀerence
disappeared with repeated presentation. Furthermore, the
arousal self-rating scale seems to measure intensity of aﬀec-
tive reactions and this could further enhance correlations
with psychophysiological reactions.
One question that remains is why there was no corre-
lation between aﬀective rating changes and psychophysio-
logical measures in the control group. Our data show that
all subjects in the control group had pronounced general
psychophysiological reactions in response to all presented
face stimuli, but these did not vary across emotional cate-
gories/biographies. This is not an unusual result, as faces are
known to have a weak impact on peripheral reactions [31].
Controls who are aware of the stimulus repetitions and are
able to assign biographies to the faces by means of recollec-
tion may thus not engage emotionally when perceiving the
facestimuli,leadingtobluntedpsychophysiologicalreactions
as seen in healthy controls in general. Generally, the heart
rate response of patients was weaker than that of controls,
possibly because physiological reactivity is impaired in some
patients. The reduced modulation of this response may rep-
resent an indicator of poor associative aﬀective learning as
indicated by the correlation with the arousal diﬀerence score.
Thecorrelationbetweentheabilitytolearnaﬀectivefacetrait
associations and heart rate response suggests that patients
who are able to learn aﬀective face trait associations show
normal heart rate responses in contrast to patients who do
not learn aﬀective face trait associations. Thus, heart rate
response and associative aﬀective learning are both measures
of emotional processing capacities in dementia patients. The
ﬁnding that heart rate response is related to associative af-
fective learning in dementia patients is particularly striking
given the relatively modest aﬀective intensity that can be
expected to be evoked by face stimuli that have been as-
sociated with aﬀective descriptions. Since patients do not
consciously remember aﬀective connotations they must rely
onimplicitmemorysystems.Patientsmayusetheirownpsy-
chophysiologicalreactionsasacuetoevaluatefacestimulion
aﬀective dimensions.
We conclude that there is no dissociation between emo-
tional experience and phasic heart rate response in dementia
patients. This seems to contrast previous ﬁndings, as dis-
cussed above, Burton and Kaszniak [22] found that AD
patients and a control group rated their emotional expe-
riences towards the pleasant, aversive, and neutral pictures
similar on the dimensions of valence and arousal. However,
muscle activity patterns in response to these emotional stim-
uli diﬀered between groups. AD subjects demonstrated an
inverted pattern of zygomatic activity compared to controls.
The results of this study suggest that there might be a dis-
sociation between emotional experience and psychophysio-
logical response in AD patients. Probably the results con-
cerning the consistency between emotional experience and
psychophysiological response diﬀer between studies simply
because diﬀerent measures were assessed. The neural basis
of heart rate response is not identical to the neural networks
involved in muscle activity patterns in response to aﬀective
stimuli. Because neural structures are not uniformly aﬀected
by the pathological alterations of AD some psychophysiolog-
ical responses can be impaired while others remain intact.
In contrast to the phasic heart rate response, which
normally varies with emotional valence of pictures, electro-
dermal responses are primarily sensitive to the rated arousal
of pictures and are augmented for pleasant and unpleasant
stimuli as intensity level increases [32]. In the present study
we found no correlation between changes in arousal or va-
lence ratings and skin conductance. This seems to be consist-
ent with the negative ﬁndings of fear conditioning studies in
dementiapatientsthatusedskinconductanceasadependent
measure [12, 13]. It seems, however, unlikely that dementia
patients show normal skin conductance response to emo-
tional stimuli but do not show normal skin conductance
responsewhenemotionalreactionshavebeenacquired.Both
groups in our study showed no association of inﬂuence of
aﬀective content on picture ratings and skin conductance
response. This suggests that skin conductance failed to dif-
ferentiate in response to stimuli that have been associated
with pleasant, unpleasant, neutral and novel material in our
experiment. As for heart rate response similar habituation
eﬀects can be expected for skin conductance response. Brad-
ley, Lang, and Cuthbert [24] found that skin conductance
diﬀerentiated between arousing and nonarousing picture
contents but that this eﬀect disappeared over trials, that is,
with increasing repetition. For the reasons discussed above,
no conclusions can be drawn from the results of the present
study concerning acquisition of skin conductance response
in dementia patients.
Insummary,theresultsofourstudysuggestthataffective
learning is possible in dementia patients despite impaired
explicit memory. In the absence of conscious recollection,
intact psychophysiological reactions such as heart rate chan-
ges suggest intact aﬀective engagement in dementia patients,8 International Journal of Alzheimer’s Disease
possibly providing interoceptive cues that underlie the
modulation of evaluative report. The ﬁnding of preserved
capacity to acquire new emotional dispositions in dementia
patients despite severe loss of explicit memory has impli-
cations for therapeutic interventions and nursing strategies.
For example, aﬀective reactions of dementia patients in re-
sponse to caregivers can be inﬂuenced through simple con-
ditioning procedures as demonstrated in the present study:
preferred music, foods, pictures, and so forth may be sys-
tematically associated with caregivers, in order to reduce
inappropriate behavior. In addition, interventions are con-
ceivable that associate spatial locations or objects with ap-
petitive or aversive valence to aid the regulation of desired
behaviors, such as avoiding potentially dangerous objects or
locations.
Acknowledgment
This work was supported by a grant from the Swiss Alzheim-
er Association to A. Blessing.
References
[1] C. E. Y. Evans-Roberts and O. H. Turnbull, “Remembering
relationships: preserved emotion-based learning in Alzheim-
er’s disease,” Experimental Aging Research, vol. 37, no. 1, pp.
1–16, 2011.
[2] F. Boller, F. El Massioui, E. Devouche, L. Traykov, S. Pomati,
and S. E. Starkstein, “Processing emotional information in
Alzheimer’s disease: eﬀects on memory performance and neu-
rophysiological correlates,” Dementia and Geriatric Cognitive
Disorders, vol. 14, no. 2, pp. 104–112, 2002.
[3] M. Ikeda, E. Mori, N. Hirono et al., “Amnestic people with
Alzheimer’s disease who remembered the Kobe earthquake,”
British Journal of Psychiatry, vol. 172, pp. 425–428, 1998.
[4] H.Kazui,E.Mori,M.Hashimotoetal.,“Impactofemotionon
memory,” British Journal of Psychiatry, vol. 177, pp. 343–347,
2000.
[5] E. A. Kensinger, A. Anderson, J. H. Growdon, and S. Corkin,
“Eﬀects of Alzheimer disease on memory for verbal emotional
information,” Neuropsychologia, vol. 42, no. 6, pp. 791–800,
2004.
[ 6 ]S .E .M o a y e r i ,L .C a h i l l ,Y .J i n ,a n dS .G .P o t k i n ,“ R e l a t i v e
sparing of emotionally inﬂuenced memory in Alzheimer’s dis-
ease,” NeuroReport, vol. 11, no. 4, pp. 653–655, 2000.
[7] N. L. Cadieux and K. W. Greve, “Emotion processing in
Alzheimer’s disease,” Journal of the International Neuropsycho-
logical Society, vol. 3, no. 5, pp. 411–419, 1997.
[8] R. Hargrave, R. J. Maddock, and V. Stone, “Impaired recogni-
tion of facial expressions of emotion in Alzheimer’s disease,”
Journal of Neuropsychiatry and Clinical Neurosciences, vol. 14,
no. 1, pp. 64–71, 2002.
[9] S. Luzzi, M. Piccirilli, and L. Provinciali, “Perception of
emotions on happy/sad chimeric faces in Alzheimer disease:
relationship with cognitive functions,” Alzheimer Disease and
Associated Disorders, vol. 21, no. 2, pp. 130–135, 2007.
[10] M. Roudier, P. Marcie, A. S. Grancher, C. Tzortzis, S.
Starkstein, and F. Boller, “Discrimination of facial identity and
ofemotionsin Alzheimer’sdisease,” JournaloftheNeurological
Sciences, vol. 154, no. 2, pp. 151–158, 1998.
[11] A. Shimokawa, N. Yatomi, S. Anamizu, S. Torii, H. Isono,
and Y. Sugai, “Recognition of facial expressions and emotional
situations in patients with dementia of the Alzheimer and
vascular types,” Dementia and Geriatric Cognitive Disorders,
vol. 15, no. 3, pp. 163–168, 2003.
[12] S. Hamann, E. S. Monarch, and F. C. Goldstein, “Impaired
fear conditioning in Alzheimer’s disease,” Neuropsychologia,
vol. 40, no. 8, pp. 1187–1195, 2002.
[13] M. Hoefer, S. C. Allison, G. F. Schauer et al., “Fear condi-
tioning in frontotemporal lobar degeneration and Alzheimer’s
disease,” Brain, vol. 131, no. 6, pp. 1646–1657, 2008.
[14] A. Blessing, A. Keil, D. E. J. Linden, S. Heim, and W. J. Ray,
“Acquisition of aﬀective dispositions in dementia patients,”
Neuropsychologia, vol. 44, no. 12, pp. 2366–2373, 2006.
[ 1 5 ]A .B l e s s i n g ,J .Z¨ ollig, G. Dammann, and M. Martin, “Implicit
learning of aﬀective responses in dementia patients: a face-
emotion-association paradigm,” Neuropsychology, Develop-
ment, and Cognition B, Aging, Neuropsychology, and Cognition,
vol. 17, no. 6, pp. 633–647, 2010.
[16] J. E. LeDoux, “Emotion circuits in the brain,” Annual Review
of Neuroscience, vol. 23, pp. 155–184, 2000.
[17] E. A. Phelps, M. R. Delgado, K. I. Nearing, and J. E. LeDoux,
“Extinction learning in humans: role of the amygdala and
vmPFC,” Neuron, vol. 43, no. 6, pp. 897–905, 2004.
[18] M. Davis, “The role of the amygdala in conditioned and un-
conditioned fear and anxiety,” in The Amygdale: A Functional
Analysis, J. P. Aggleton, Ed., pp. 655–681, Oxford University
Press, Oxford, UK, 2000.
[19] K. S. LaBar, J. C. Gatenby, J. C. Gore, J. E. LeDoux, and E. A.
Phelps, “Human amygdala activation during conditioned fear
acquisition and extinction: a mixed-trial fmri study,” Neuron,
vol. 20, no. 5, pp. 937–945, 1998.
[20] A. Todorov, M. I. Gobbini, K. K. Evans, and J. V. Haxby,
“Spontaneous retrieval of aﬀective person knowledge in face
perception,” Neuropsychologia, vol. 45, no. 1, pp. 163–173,
2007.
[21] A. Todorov and I. R. Olson, “Robust learning of aﬀective trait
associations with faces when the hippocampus is damaged,
but not when the amygdala and temporal pole are damaged,”
Social Cognitive and Aﬀective Neuroscience,v o l .3 ,n o .3 ,p p .
195–203, 2008.
[22] K. Burton and A. Kaszniak, “Emotional experience and facial
expression in Alzheimer’s disease,” Neuropsychology, Develop-
ment, and Cognition B, Aging, Neuropsychology, and Cognition,
vol. 13, no. 3-4, pp. 636–651, 2006.
[23] M. K. Greenwald, E. W. Cook, and P. J. Lang, “Aﬀective judg-
ment and psychophysiological response: dimensional covaria-
tion in the evaluation of pictorial stimuli,” Journal of Psycho-
physiology, vol. 3, no. 1, pp. 51–64, 1988.
[24] M. M. Bradley, P. J. Lang, and B. N. Cuthbert, “Emotion, nov-
elty, and the startle reﬂex: habituation in humans,” Behavioral
Neuroscience, vol. 107, no. 6, pp. 970–980, 1993.
[25] M. F. Folstein, S. E. Folstein, and P. R. McHugh, “Mini-mental
state: a practical method for grading the cognitive state of
patients for the clinician,” Journal of Psychiatric Research, vol.
12, no. 3, pp. 189–198, 1975.
[26] T. N. Tombaugh and N. J. McIntyre, “The mini-mental state
examination:acomprehensivereview,”JournaloftheAmerican
Geriatrics Society, vol. 40, no. 9, pp. 922–935, 1992.
[27] H. Dilling, W. Mombour, and M. H. Schmidt, Internationale
Klassiﬁkation Psychischer St¨ orungen. ICD-10 Kapitel V (F),
Klinisch-diagnostische Leitlinien, Verlag Hans Huber, Berne,
Switzerland, 4th edition, 2000.
[28] M. Minear and D. C. Park, “A lifespan database of adult
facial stimuli,” Behavior Research Methods, Instruments, and
Computers, vol. 36, no. 4, pp. 630–633, 2004.International Journal of Alzheimer’s Disease 9
[29] P. J. Lang, “Behavioral treatment and bio-behavioral assess-
ment: computer applications,” in Technology in Mental Health
Care Delivery Systems, J. B. Sidowski, J. H. Johnson, and T. A.
Williams, Eds., pp. 119–137, Ablex, Norwood, NJ, USA, 1980.
[30] A. Blessing, J. Z¨ ollig, G. Dammann, and M. Martin, “Accurate
judgment by dementia patients of neutral faces with respect to
trustworthiness and valence,” GerontoPsychology, vol. 23, no.
1, pp. 33–38, 2010.
[31] A. Keil, J. C. Smith, B. C. Wangelin, D. Sabatinelli, M. M.
Bradley, and P. J. Lang, “Electrocortical and electrodermal
responses covary as a function of emotional arousal: a single-
trial analysis,” Psychophysiology, vol. 45, no. 4, pp. 516–523,
2008.
[ 3 2 ] P .J .L a n g ,M .K .G r e e n w a l d ,M .M .B r a d l e y ,a n dA .O .H a m m ,
“Looking at pictures: aﬀective, facial, visceral, and behavioral
reactions,” Psychophysiology, vol. 30, no. 3, pp. 261–273, 1993.
[ 3 3 ]R .H a r e ,K .W o o d ,S .B r i t a i n ,a n dJ .S h a d m a n ,“ A u t o n o m i c
responses to aﬀective visual stimulation,” Psychophysiology,
vol. 7, no. 3, pp. 408–417, 1971.
[34] W. L. Libby Jr., B. C. Lacey, and J. I. Lacey, “Pupillary and
cardiac activity during visual attention,” Psychophysiology, vol.
10, no. 3, pp. 270–294, 1973.
[35] M. M. Bradley, M. Codispoti, B. N. Cuthbert, and P. J. Lang,
“Emotion and motivation I: defensive and appetitive reactions
in picture processing,” Emotion, vol. 1, no. 3, pp. 276–298,
2001.